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Abstract

The metabolic syndrome is highly prevalent in patients with schizophrenia, and is associated with 

a state of chronic, low-grade inflammation. Schizophrenia is also associated with increased 

inflammation, including aberrant blood levels of pro-inflammatory cytokines and high-sensitivity 

C-reactive protein (hsCRP). The purpose of this study is to investigate the relationship between 

total and differential white blood cell (WBC) counts, hsCRP, and the metabolic syndrome in 

patients with schizophrenia and related non-affective psychoses. 59 inpatients and outpatients age 

18–70 with non-affective psychotic disorders and 22 controls participated in this cross-sectional 

study. Subjects had a fasting blood draw between 8 and 9 am for glucose, lipids, total and 

differential WBC counts, and hsCRP. Vital signs and anthropometric measures were obtained. 

Patients with non-affective psychosis and the metabolic syndrome had significantly higher total 

WBC counts, monocytes, and hsCRP levels than patients without the metabolic syndrome (p≤0.04 

for each). In binary logistic regression analyses, after controlling for potential confounding effects 
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of age, race, sex, age at first hospitalization for psychosis, parental history of diabetes, smoking, 

and psychotropic medications, total WBC count, monocytes, and hsCRP were significant 

predictors of metabolic syndrome in patients (p≤0.04 for each). hsCRP was also a significant 

predictor of increased waist circumference and triglycerides in patients (p≤0.05 for each). Our 

findings suggest that measurement of total and differential WBC counts and hsCRP blood levels 

may be germane to the clinical care of patients with schizophrenia and related disorders, and 

support an association between inflammation and metabolic disturbance in these patients.
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1. Introduction

The metabolic syndrome is a constellation of metabolic risk factors associated with the 

development of atherosclerotic cardiovascular disease (Galassi et al., 2006; Grundy et al., 

2005) and cardiovascular disease mortality (Galassi et al., 2006). The metabolic syndrome is 

common in patients with schizophrenia and related disorders, with a prevalence of 43%—

based on American Heart Association criteria (Grundy et al., 2005)—in the Clinical 

Antipsychotic Trials of Intervention Effectiveness (CATIE; McEvoy et al., 2005). 

Cardiovascular disease is also the leading cause of mortality in patients with schizophrenia 

and related disorders (Saha et al., 2007).

The metabolic syndrome syndrome is also associated with a state of chronic, low-grade 

inflammation (Devaraj et al., 2010). A recent meta-analysis found that high-sensitivity CRP 

(hsCRP) was an independent predictor of cardiovascular disease (Kaptoge et al., 2010). 

Schizophrenia is also associated with increased inflammation, including aberrant blood 

levels of pro-inflammatory cytokines (Miller et al., 2011) and CRP (Miller et al., in press), 

including studies in patients with first-episode psychosis and minimal exposure to 

antipsychotics. The adverse metabolic effects of atypical antipsychotics, which increase 

metabolic syndrome risk, may potentiate aberrant blood levels of inflammatory markers 

(Beumer et al., 2012). The efficacy of antipsychotic augmentation with non-steroidal anti-

inflammatory agents (NSAIDs) also supports an association between inflammation and the 

pathophysiology of schizophrenia (Akhondzadeh et al., 2007; Laan et al., 2010; Muller et 

al., 2002; Muller et al., 2010).

Several large population-based samples found that total and differential white blood cell 

(WBC) counts were associated with metabolic syndrome risk and individual metabolic 

syndrome criteria (Kim et al., 2008; Lao et al., 2008). Within schizophrenia, one study found 

that higher total WBC counts are associated with increased risk of the metabolic syndrome 

and more severe psychopathology (Fan et al., 2010). Several studies have also reported 

significant associations between CRP levels and components of the metabolic syndrome in 

patients with schizophrenia. Fawzi et al. (2011) found higher mean CRP levels in males with 

waist circumference >94 cm (versus <94 cm) compared to age- and sex-matched patients. 

Another study found that CRP levels were significantly positively correlated with BMI and 
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significantly negatively correlated with HDL levels (Carizzo et al., 2008). Vuksan-Cusa et al. 

(2010) found that subjects with CRP level >5 mg/L (versus <5 mg/L) were twice as likely to 

have the metabolic syndrome. Although previous studies have reported increased blood 

levels of total monocytes (Wilke et al., 1996; Zorrilla et al., 1996) and lymphocytes 

(Masserini et al., 1990; Sperner-Unterweger et al., 1999), differential WBC counts have not 

been explored in schizophrenia as a predictor of the metabolic syndrome.

The purpose of this study is to investigate the relationship between total and differential 

WBC counts, hsCRP, and the metabolic syndrome in patients with schizophrenia and related 

non-affective psychosis and in controls. We hypothesize that total WBC count, monocytes, 

lymphocytes, and hsCRP are associated with metabolic syndrome risk and individual 

metabolic syndrome criteria in these subjects.

2. Methods

2.1. Subjects

Fifty-nine inpatients and outpatients age 18–70 and diagnosed with schizophrenia (n=39), 

brief psychotic disorder (n=1), psychotic disorder not otherwise specified (n=4), or 

schizoaffective disorder (n=15), and twenty-two controls, who were part of a larger, ongoing 

study of immune function in schizophrenia and related disorders, were recruited in the 

Augusta, Georgia area between July 2010 and May 2012. Recruitment was non-randomized. 

Subjects were referred to the investigators by their inpatient or outpatient psychiatrist. 

Exclusion criteria for all subjects for the present study included alcohol withdrawal; 

pregnancy; current scheduled use of non-steroidal anti-inflammatory agents, corticosteroids, 

or other immunomodulatory agents; history of diabetes or current use of anti-diabetic 

therapy; history of hyperlipidemia or current lipid-lowering therapy; history of exposure to 

an antibiotic in the past 2 weeks (based on subject’s self-report plus a review of their 

electronic medical record); history of an immune disorder; and illicit drug use in the past 30 

days. No subject had a history of recent trauma or surgical intervention. Additional 

exclusion criteria for controls were lifetime diagnosis of schizophrenia or related disorder; 

lifetime or current diagnosis of a manic, depressed, or mixed affective episode, or history of 

exposure to an antipsychotic, antidepressant, valproate, lithium or gabapentin.

2.2. Procedures

After providing written informed consent, subjects underwent a laboratory, physical, and 

psychiatric diagnostic evaluation. Subjects had a blood draw between 8 and 9 am after a ten-

hour fast. Vital signs and anthropometric measures, including height, weight, waist 

circumference (at the level of the umbilicus) and hip circumference were obtained. 

Diagnosis (or absence of a diagnosis in the controls) was verified using the Structured 

Clinical Interview for DSM-IV disorders (SCID) psychosis and mood disorders modules. 

For patients, symptoms were assessed using the Positive and Negative Syndrome Scale 

(PANSS). A total of four different raters performed the SCID and PANSS interviews for 

subjects in this study, although one rater (BJM) performed the majority (n=49, 61%) and 

together three raters performed 94% (n=76) of the interviews. All raters were trained to 

perform the SCID and PANSS and inter-rater reliability with the principal investigator 
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(BJM) was well established, with 100% concordance on a series of ten training vignettes. 

Data on age at first hospitalization for psychosis and parental history of diabetes were also 

obtained by patient interview. Data on smoking (number of cigarettes per day) and other 

substance use was obtained using the Dartmouth Assessment of Lifestyle Inventory. The 

study was approved by the IRB’s of both Georgia Health Sciences University and the 

Georgia Department of Community Health.

2.3. Laboratory evaluation

Blood analyses were performed at Clinical Pathology Laboratories Southeast (Augusta, 

Georgia). Complete blood counts with differential, fasting serum glucose, and lipid panels 

were analyzed by standard clinical laboratory assays. Glucose and lipids were measured 

using an Olympus AU2700 Chemistry-Immuno Analyzer (Olympus America, Inc., Melville, 

NY). CBC with differential was analyzed using a COULTER LH 750 Hematology Analyzer 

(Beckman Coulter, Inc., Brea, CA). hsCRP levels were measured using an enzyme-linked 

immunosorbent assay.

2.4. Metabolic syndrome

Metabolic syndrome was defined as per the American Heart Association/National Heart, 

Lung, and Blood Institute Scientific Statement (Grundy et al., 2005). Subjects meeting three 

or more of the following five criteria were defined as having the metabolic syndrome: 1) 

waist circumference ≥102 cm in males or ≥88 cm in females, 2) fasting triglycerides ≥150 

mg/dL, 3) fasting HDL <40 mg/dL in males or <50 mg/dL in females, 4) blood pressure 

≥130/85 mmHg or on antihypertensive drug treatment in a subject with a history of 

hypertension, 5) fasting glucose ≥ 100 mg/dL or on drug treatment for elevated glucose.

2.5. Statistical analysis

The data were analyzed using SPSS version 19 (SPSS, Inc.; Chicago, Illinois). Subjects 

were stratified based on the presence or absence of the metabolic syndrome. Patients with 

non-affective psychoses and controls were analyzed separately. Demographic and clinical 

characteristics, and blood analyses in subjects with and without the metabolic syndrome 

were analyzed using either Student’s t-test (2-sided), Mann-Whitney U, or Fisher’s exact test 

(2-sided). WBC, hsCRP, and triglycerides were not normally distributed, and were log 

transformed prior to the analyses. Regarding psychotropic medications, antipsychotics, 

mood stabilizers, antidepressants, benzodiazepines, and anti-EPS agents were modeled as 

separates categorical yes/no variables in the analyses, based on whether or not patients were 

currently taking these classes of agents. Binary (Pearson) correlation coefficients were 

calculated between WBC, hsCRP, monocytes, lymphocytes, metabolic syndrome variables, 

and other demographic and clinical variables. Partial correlation coefficients were calculated 

between WBC, hsCRP, monocytes, and lymphocytes and metabolic syndrome variables, 

after controlling for potential confounding effects of age, sex, race, age at first 

hospitalization for psychosis, smoking, parental history of diabetes, alcohol use (DALI 

alcohol subscore), and psychotropic medications. Binary logistic regression models were 

used to evaluate WBC, hsCRP, monocytes, and lymphocytes as predictors of the metabolic 

syndrome and individual metabolic syndrome criteria, after controlling for potential 

confounding effects of age, sex, race, age at first hospitalization for psychosis, smoking, 
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parental history of diabetes and psychotropic medications. Due to the relatively small 

sample size, only potential confounding factors that were correlated with metabolic 

syndrome variables with a p-value <0.10 in binary correlation analyses were included in the 

corresponding logistic regression model. For all analyses, results were considered 

statistically significant at the α=0.05 level (two-sided).

3. Results

A total of eighty-one subjects - fifty-nine patients and twenty-two controls - were included 

in the study. Data on total and differential WBC counts were missing for 2 patients, and 

parental history of diabetes were missing for 7 patients and 1 control; otherwise, complete 

data were available for all other variables. Table 1 presents the demographic and clinical 

characteristics of the study sample. 19 of the 59 patients (32%), and 5 of the 22 controls 

(23%) met the criteria for the metabolic syndrome. In both the patient and control groups, 

there was no difference in age, race, smoking, alcohol use, or parental history of diabetes 

based on the presence or absence of the metabolic syndrome. Patients, but not controls, with 

the metabolic syndrome were more likely to be female (p=0.02). Patients did not differ with 

regard to age at first hospitalization for psychosis or PANSS scores (total score and positive, 

negative, and general subscales) based on metabolic syndrome status

Table 2 lists the antipsychotic medications for the patients in the study sample. Subjects 

were most commonly treated with risperidone (n=16, 27%). Ten subjects (17%) were treated 

with two different antipsychotics, and 4 subjects (7%) were antipsychotic-free at the time of 

the laboratory evaluation. There was no difference in the prevalence of the metabolic 

syndrome in patients treated with one (31%) or two (40%) antipsychotics. Other 

concomitant medication use is described in Table 1. There was no difference in the 

prevalence of mood stabilizers, antidepressants, and anti-EPS medications based on 

metabolic syndrome status. However, subjects with the metabolic syndrome were more 

likely to be taking benzodiazepines (p=0.04).

Patients with the metabolic syndrome had significantly higher mean total WBC count 

(p<0.01), monocytes (p=0.02), and hsCRP levels (p=0.04), and trend for higher lymphocytes 

(p=0.07) than subjects without the metabolic syndrome. Controls with the metabolic 

syndrome had significantly higher monocytes (p=0.03) than those without the metabolic 

syndrome.

As shown in Figure 1, for patients there were significant binary positive correlations 

between total WBC count and waist circumference (r=0.41, p<0.01), fasting triglycerides 

(r=0.36, p<0.01), systolic blood pressure (r=0.28, p=0.03), and diastolic blood pressure 

(r=0.32, p=0.02), and a significant negative correlation with fasting HDL (r=−0.32, p=0.02). 

hsCRP was significantly positively correlated with waist circumference (r=0.44, p=0.01) and 

fasting triglycerides (r=0.30, p=0.02). There was a significant positive correlation between 

monocytes and waist circumference (r=0.39, p<0.01), fasting triglycerides (r=0.52, p<0.01), 

and diastolic blood pressure (r=0.34, p=0.01). Lymphocytes were significantly positively 

correlated with fasting triglycerides (r=0.33, p=0.01).
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Table 3 shows the partial correlations between total WBC count, monocytes, lymphocytes, 

hsCRP and individual metabolic syndrome criteria for patients and controls, controlling for 

potential confounding effects of age, race, sex, age at first hospitalization for psychosis, 

parental history of diabetes, smoking, alcohol use, and psychotropic medications. In 

patients, total WBC count was significantly positively correlated with waist circumference 

(p<0.01) and significantly negatively correlated with fasting HDL (p=0.04). hsCRP was 

significantly positively correlated with waist circumference (p<0.01) and fasting 

triglycerides (p=0.01). Monocytes were also significantly positively correlated with waist 

circumference (p<0.01) and fasting triglycerides (p<0.01).

In controls, total WBC count was significantly positively correlated with waist 

circumference, fasting triglycerides, and systolic blood pressure (p<0.03 for each). 

Monocytes were significantly positively correlated with fasting triglycerides (p<0.01), and 

significantly negatively correlated with fasting HDL (p=0.04). Lymphocytes were 

significantly positively correlated with waist circumference (p<0.01).

In binary logistic regression analyses, after controlling for potential confounding factors, in 

patients total WBC count was a significant predictor of metabolic syndrome (p=0.01). 

hsCRP was a significant predictor of metabolic syndrome (p=0.04), increased waist 

circumference (p=0.03) and triglycerides (p=0.05), and a predictor of fasting glucose at the 

trend level (p=0.10). Monocytes were also a significant predictor of the metabolic syndrome 

(p=0.02) and increased triglycerides (p=0.02). Lymphocytes were a significant predictor of 

increased triglycerides (p=0.02).

Post-hoc analyses were also performed to evaluate the potential influence of outlying values 

of WBC and hsCRP on results. Two patients had elevated WBC counts (12.6 and 14.1 ×103/

μL). After excluding these subjects, WBC remained a significant predictor of the metabolic 

syndrome, and was also a significant predictor of fasting triglycerides. The pattern of the 

results did not change for any other metabolic syndrome criteria. CRP levels >10 mg/L may 

suggest the presence of an underlying inflammatory disease, although levels in this range 

can be seen on a genetic basis in ~6% of apparently healthy individuals (Kushner et al., 

2006). Twelve patients (20%) in our sample had a hsCRP >10 mg/L, in the absence of any 

evidence of intercurrent bacterial infection. After excluding these subjects, hsCRP remained 

a significant predictor of the metabolic syndrome, waist circumference, and fasting 

triglycerides, and was also a significant predictor of fasting HDL. The pattern of the results 

did not change for any blood pressure or fasting glucose.

We were unable to perform logistic regression analyses in the controls, as the estimates were 

unstable due to the small sample size.

4. Discussion

Non-diabetic subjects with non-affective psychoses and the metabolic syndrome had 

significantly higher total WBC count, monocytes, and hsCRP levels than patients without 

the metabolic syndrome. After controlling for potential confounding effects of age, race, sex, 

age at first hospitalization for psychosis, parental history of diabetes, smoking, alcohol use, 
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and psychotropic medications, total WBC count, monocytes, and hsCRP levels were 

significant predictors of the metabolic syndrome. Furthermore, hsCRP levels were 

significant predictors of two individual criteria for the metabolic syndrome (waist 

circumference and fasting triglycerides). Outlying values for total WBC count and hsCRP 

did not account for these associations.

We observed a similar pattern of results healthy controls, although our small sample size 

limited statistical power. However, several large population-based samples found that total 

and differential white blood cell (WBC) counts were associated with metabolic syndrome 

risk and individual metabolic syndrome criteria (Kim et al., 2008; Lao et al., 2008). In the 

general population, elevated CRP levels in the metabolic syndrome are a well-replicated 

finding (Ridker et al., 2008). Taken, together, these findings suggesting the observed 

relationships are not specific to subjects with non-affective psychoses.

The strengths of the present study include consideration of multiple potential confounding 

factors, including psychotropic medications, as classes other than antipsychotics are also 

associated with weight gain and other metabolic side effects. To our knowledge, ours is the 

first study to consider differential WBC counts, and one of a small number of studies to 

consider hsCRP, as a predictor of metabolic syndrome and its individual criteria in patients 

with schizophrenia and related disorders. Several potential limitations of the present study 

are the heterogeneity of the sample with respect to clinical status (i.e., inpatients and 

outpatients), and the non-standardized antipsychotic treatment. Another limitation is the 

relatively small sample size, as evidenced by the wide confidence intervals in the logistic 

regression analyses, which limited statistical power. Additional studies in both patients and 

controls are needed to evaluate whether or not the observed relationships are specific to 

subjects with non-affective psychoses. Due to the cross-sectional design, our study does not 

permit inferences regarding the ability of baseline total and differential WBC counts or 

hsCRP to predict incident cases of metabolic syndrome. A large general population study, 

however, found that total WBC count predicted future development of the metabolic 

syndrome over a 7year follow-up period (Odagiri et al., 2011).

In a sample of 199 stable outpatients with schizophrenia or schizoaffective disorder treated 

with olanzapine, risperidone, or typical antipsychotics, Fan et al. (2010) found that total 

WBC count was a significant predictor of the metabolic syndrome, as well as the individual 

metabolic syndrome criteria for waist circumference, fasting triglycerides, and blood 

pressure. We have replicated the finding of total WBC count as a significant predictor of 

metabolic syndrome. We also observed a very similar pattern of results in the present study 

for total WBC counts as a predictor of individual criteria for the metabolic syndrome, 

although none of the findings reached statistical significance, likely due to a lack of 

statistical power in our study. Our study also replicates previous findings of associations 

between hsCRP and the metabolic syndrome (Vuksan-Cusa et al., 2010) and increased waist 

circumference (Fawzi et al., 2011). Nurjono and Lee (2012) found that BMI, compared to 

waist circumference and blood pressure, was the most accurate predictor of the metabolic 

syndrome in patients with schizophrenia from Singapore. The present study extends these 

findings in patients with non-affective psychoses examining the relationship between 

differential WBC counts, hsCRP, and all individual criteria for the metabolic syndrome.
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The mechanisms that underlie these associations remain unclear. In the general population, 

hsCRP levels have been proposed as an additional individual criterion for the metabolic 

syndrome. (Ridker et al., 2008) Visceral abdominal adiposity is associated with increased 

triglycerides and fasting glucose (Depres 2007), and one study found a significant 

correlation between hsCRP and visceral fat in Japanese subjects with mild obesity or 

impaired glucose tolerance (Tsuriya et al., 2011). Endothelial dysfunction, which is induced 

by CRP, plays a central role in atherosclerotic cardiovascular disease and is associated with 

all individual criteria for the metabolic syndrome (Devaraj et al., 2010). Thus, our findings 

of significant associations between hsCRP and increased waist circumference and 

triglycerides, and metabolic syndrome risk, are broadly consistent with an important role for 

inflammation in mediating the metabolic syndrome.

Our findings also suggest an association between monocytes and the metabolic syndrome in 

patients with non-affective psychoses. This finding is consistent with evidence that 

monocytes play a key role in metabolic homeostasis, and produce inflammatory mediators in 

response to cues that modulate metabolism (Bhargava and Lee, 2012). Subjects with 

metabolic syndrome have significantly higher monocytic tissue factor pro-coagulant activity, 

and up-regulation of monocyte tissue factor is associated with insulin resistance, higher 

hsCRP, and carotid intima-media thickness, a significant predictor of cardiovascular events 

(Nakagomi et al., 2010; Nakagomi et al., 2011). Subjects with the metabolic syndrome also 

have up-regulation of monocytic CD40/CD40 ligand expression (Natal et al., 2008).

Future studies in larger sample are needed to replicate findings of an association between 

total and differential WBC counts, hsCRP, and the metabolic syndrome in patients. 

Cytokines, particularly interleukin-6 (IL-6), are the primary inducers of CRP, and monocytes 

are a rich source of pro-inflammatory cytokines. Thus, future studies could investigate the 

relationship between individual cytokines and cytokine networks and the metabolic 

syndrome in non-affective psychosis. There is a need for prospective, longitudinal studies to 

examine the capacity of these parameters to predict future development of the metabolic 

syndrome. Another potentially important issue is whether polymorphisms in the gene for 

CRP or other immune-related genes moderate metabolic syndrome risk in patients with non-

affective psychosis.

A recent meta-analysis of 77 publications found that approximately one-third of patients 

with schizophrenia meet criteria for the metabolic syndrome (Mitchell et al., 2011). Despite 

the American Diabetes Association/American Psychiatric Association consensus guidelines 

for metabolic monitoring of patients on antipsychotic drugs (2004), monitoring rates in 

clinical practice remain alarmingly low (Mitchell et al., 2012). Our findings suggest that 

measurement of blood total and differential WBC counts and hsCRP levels may be germane 

to the clinical care of patients with schizophrenia and related disorders. Consistent 

replications of these associations in well-controlled studies would suggest that treatment 

with statins or other anti-inflammatory medications for some patients with schizophrenia 

may result in decreased risk of cardiovascular morbidity and mortality (Ridker et al., 2008). 

Additionally, the signal-to-noise ratio of treatment trials of adjunctive anti-inflammatory 

agents in schizophrenia may be increased by stratifying patients based on the presence or 

absence of the metabolic syndrome. Taken together, our results provide contribute to a 
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growing body of evidence for an association between inflammation and the metabolic 

syndrome in non-affective psychoses.
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Highlights

Blood WBC count, monocytes, & hsCRP predicted the metabolic syndrome in patients 

with nonaffective psychoses, and may be germane to clinical care.
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Figure 1. 
Correlations between WBC and individual metabolic syndrome criteria in patients with non-

affective psychoses
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Table 2

Antipsychotic Medications in the Study Sample

Medication N

Risperidone 16

Ziprasidone 6

Aripiprazole 5

Quetiapine 5

No antipsychotic 4

Haloperidol 3

Olanzapine 3

Clozapine 2

Paliperidone Palmitate 1

Perphenazine 1

Risperidone Consta 1

Thiothixene 1

Haloperidol + Thiothixene 1

Olanzapine + Fluphenazine Decanoate 1

Olanzapine + Haloperidol 1

Olanzapine + Haloperidol Decanoate 1

Olanzapine + Risperidone 1

Quetiapine + Haloperidol Decanoate 1

Risperidone + Asenapine 1

Risperidone + Haloperidol 1

Risperidone + Haloperidol Decanoate 1

Risperidone + Paliperidone Palmitate 1

Risperidone + Risperidone Consta 1
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